The course of experimental systemic Coccidioides immitis infection was assessed quantitatively and histologically in beige mice, congenitally athymic nude mice, and their respective normal counterparts. After intravenous inoculation with 50 arthroconidia, the number of viable C. immitis cultured from the spleens, livers, and lungs progressively increased throughout the assay in the organs of all mice. During the first 2 weeks of infection, significantly greater numbers of CFU were recovered from the spleens and livers, but not the lungs, of nude mice than from the respective organs of their phenotypically normal littermates. Significantly greater numbers of CFU were cultured from the lungs and spleens of beige mice compared with the number recovered from their functionally normal littermates. After intranasal inoculation, extrapulmonary dissemination of C. immitis occurred at an equal rate and resulted in similar organ burdens in nude mice and their normal littermates. Histological examination of infected tissues revealed a characteristic mixed inflammatory cell infiltrate in euthymic mice; the response in nude mice was less severe, consisting predominantly, if not solely, of granulocytes. In addition, in tissue sections from nude mice, but not in those from their euthymic counterparts, mature spherules were frequently observed to be devoid of an associated inflammatory response. The inflammatory lesion in beige mice contained a predominance of mononuclear cells, whereas their littermates responded with a typical mixed granulomatous infiltrate. Collectively, these results provide evidence supporting the hypothesis that resistance to C. immitis infection involves two primary cell populations, one under the direct influence of T-cells and the other independent of T-lymphocytes.
counterparts, mature spherules were frequently observed to be devoid of an associated inflammatory response. The inflammatory lesion in beige mice contained a predominance of mononuclear cells, whereas their littermates responded with a typical mixed granulomatous infiltrate. Collectively, these results provide evidence supporting the hypothesis that resistance to C. immitis infection involves two primary cell populations, one under the direct influence of T-cells and the other independent of T-lymphocytes.
Coccidioidomycosis is a mycotic disease caused by the dimorphic fungus Coccidioides immitis. The infection is acquired after inhalation of arthroconidia, which convert in host tissues to endosporulating spherules (16) . The disease presents a variety of clinical manifestations ranging from asymptomatic primary pulmonary disease to severe, acute, or chronic disseminated mycosis (16) .
Because coccidioidomycosis can be a spectrum of clinical syndromes, successful host resistance is likely to depend on the interaction of a multitude of acquired and innate mechanisms. Studies designed to investigate acquired resistance have demonstrated that cell-mediated immunity is of paramount importance (2, 3, 5, 6, 12, 13, 16) ; antibody-mediated immunity does not appear to play a role in resistance against C. immitis (5, 6, 28) . Although T-lymphocytes do not appear to exert direct fungicidal effects on C. immitis, it has been demonstrated that these cells modulate, via the production of lymphokines, the capability of macrophages to kill C. immitis spores in vitro (2, 3) . Numerous factors (race, age, sex, etc.) have been associated with the innate resistance of individuals to C. immitis (16) . However, the nature of these differences in resistance is, for the most part, not well understood. Macrophages and polymorphonuclear leukocytes (PMNs), cells commonly associated with nonspecific resistance, readily phagocytose the spores of C. immitis in vitro but effect only minimal killing (2-4, 12, 14, 17, 40 infection, both the expected increase (1, 4, 9, 15, 27, 41) and an anomolous decrease in susceptibility (10, 11, 13, 29, 31, 32, 38) . The increase in resistance is presumed to be due to the alternate resistance mechanisms of increased NK cell and macrophage activity (10, 22, (30) (31) (32) (33) . The autosomal recessive trait constituting the beige mutation is pleiotrophic in effect, resulting in diluted pigmentation, clumped melanosomes, and lysosomal abnormalities (i.e., decreased secretion and degranulation) affecting PMN and NK cell function (7, 8, 21, (35) (36) (37) . As a result, these aberrations have been used to assess the role of NK cells in resistance against certain protozoan parasites (24, 26) and PMNs against pyogenic bacteria as well as the fungus Candida albicans (18) . For further evaluation of the contribution of macrophages, PMNs, and NK cells to resistance against C. immitis, the course of experimental systemic infection in mice with specific genetic defects (i.e., congenitally athymic nude mice and PMN dysfunctional beige mice) and functionally normal littermates (NLMs) was assessed quantitatively and histologically at various times after infection. The results of this study provide evidence that PMNs and macrophages are the primary effector cells in host resistance to C. immitis infection.
MATERIALS AND METHODS
Microorganism. The strain of C. immitis used throughout this study was originally isolated in our laboratory from an Arizona soil sample. It has since been maintained by alternate culture on 2% glucose-1% yeast extract agar at 25°C and by mouse passage. Purity and identification of each culture were confirmed by microscopic examination and by in vivo spore conversion (spherule production) in mice. Mice. Congenitally athymic (nude) BALB/c mice and their thymus-bearing phenotypically NLMs were produced by mating homozygous (nulnu) males with heterozygous (nul+) females. Nude and nul+ mice were bred and housed in Bioclean Porta-Room containment units (Hazleton Systems, Inc., Aberdeen, Md.) and were offered food and acidifiedchlorinated water ad libitum. The lack of a thymus was confirmed in each mouse at necropsy. Groups of nude mice were periodically assessed for their ability to reject allogeneic or xenogeneic skin grafts and to form antibodies to a thymus-dependent antigen, sheep erythrocytes.
Beige mice and their phenotypically NLMs (bgl+) on a C57BL/6 background were produced by mating the appropriate homozygous (bglbg) and heterozygous (bgl+) animals. C57BL/6 mice were maintained under conventional housing conditions and were offered food and water ad libitum. Swiss-Webster mice were produced by random mating and maintained as were C57BL/6 mice.
Age-matched mice of both sexes were used in each experiment and maintained under conventional conditions after the initiation of most experiments.
Estimation of LD50. For each mouse strain, groups of mice (9 to 10 mice per group) were inoculated intravenously (i.v.) with 0.25 ml of serial twofold dilutions of arthroconidia suspended in saline. Thereafter, deaths were recorded for a period of 28 days. Enumeration of viable C. immitis in organs. Nude and null+ mice (6 to 8 weeks of age) and beige and bgl+ mice (4 to 6 weeks of age) were injected i.v. in a lateral tail vein with an average of 50 viable arthroconidia in 0.25 ml of saline. For intranasal (i.n.) inoculation, mice were anesthetized with pentobarbital sodium (0.06 mg/g of body weight); ca. 200 arthroconidia were instilled in 50 ,ul of saline. After i.n. inoculation, mice were housed in germfree isolation bags (Charles River Breeding Laboratories, Wilmington, Mass.). At various times after i.v. or i.n. inoculation, mice were killed by cervical dislocation and dissected immediately. The lungs, spleens, and livers were aseptically removed, and the weight of each organ was determined. Individual organs were placed in separate glass tissue homogenizers containing 5 ml of sterile saline. Each organ was homogenized with several strokes of a motor-driven Teflon pestle and diluted in saline. The number of viable CFU of C. immitis in each dilution was determined by plate count. Fig. 1 and 2) . Significantly greater numbers of CFU were recovered from the spleens (day 7; P < 0.05) and livers (days 4, 7, and 14; P < 0.05) of nude mice than from the respective organs of nul+ mice (Fig. 1) . The lung burdens of nude and nul+ mice did not differ throughout the assay. Quantification of infection in beige and bgl+ mice revealed significantly greater CFU in the spleens (days 4 and 7; P < 0.05) and in the lungs (days 2, 4, and 7; P < 0.05) of beige mice. No differences were evident in the liver burdens. 14 days postinfection dissemination to one or both systemic organs had occurred in all mice. Somewhat, but not significantly, greater burdens were evident in the spleens and livers of nude mice. The lungs of nude and nul+ mice contained equivalent burdens at both days 7 and 14 postinfection.
Histopathology. At various times after i.v. inoculation with 50 arthroconidia of C. immitis, the lungs, livers, and spleens of nude and beige mice as well as those of their respective littermates were removed and prepared for histological examination. No remarkable tissue involvement was observed before 14 days of infection. Thereafter, well-established multiple foci of cellular infiltrates surrounding spherules and endospores were present in the organs of all mice.
The histological character of lesions in the organs of beige and bgl+ mice was consistent with rapidly progressing, disseminated disease and was that of a severe mixed granulomatous response. However, the infiltrates observed in the tissues of beige mice did appear to consist primarily of mononuclear cells with fewer apparent granulocytic cells present, especially in areas with ruptured spherules and free endospores. In contrast, the resultant inflammatory infiltrates in nude and nul+ mice were distinctly different. When present, the infiltrates observed in the tissues of nude mice were predominantly, if not solely, suppurative in composition and appeared much less extensive than did the severe mixed granulomatous response observed in the tissues of their nul+ littermates (Fig. 3) . The number of spherules observed in nude mouse tissues (Fig. 3A) was often greater than the apparent number of spherules in the sections of nul+ tissues (Fig. 3B) . In addition, mature, intact spherules in nude tissues were often devoid of an associated inflammatory response (Fig. 4A) , whereas ruptured spherules or free endospores in the same sections were infiltrated by granulocytes. In addition to granulocytes, mature intact spherules in nul+ tissues were invariably associated with mononuclear cells (Fig. 3B and 4B) ; granulocytes were associated with free endospores and ruptured spherules similar to those observed in nude tissues (Fig. 5) . Giant cell formation was not observed in any tissue sections. 
DISCUSSION
In the present investigation, resistance against C. immitis was studied in nude and beige mice. The results presented herein are in accord with and extend previous studies on resistance to coccidioidomycosis. We have confirmed an age-dependent, strain-related resistance to lethal infection with C. immitis. However, our results comparing the relative susceptibilities of normal C57BL/6 and BALB/c mice are reversed and in apparent opposition to those of Kirkland and Fierer (25) . It is likely that the results of these studies differ because of the different routes of inoculation (i.v. versus intraperitoneal) and different strains of C. immitis used.
The cellular defects of the nude mice resulted in the expected decrease in resistance to lethal infection. However, the PMN defects associated with the beige mutation of the C57BL/6 mice did not appear to influence comparative long-term susceptibility. Because of the exquisite sensitivity of the C57BL/6 mouse strain to lethal infection, predicted differences in susceptibility between the beige mice and their functionally NLMs might have been masked. It is possible that the beige mutation on another of the available genetic backgrounds would exhibit greater susceptibility to lethal infection than would their functionally normal counterparts. Nevertheless, it is readily apparent that the relative susceptibility of mice to experimentally induced systemic C. immi- infection is influenced by a multitude of factors, including genetic predisposition and age as well as the relative state of immunocompetence.
Although the spleens of beige mice contained significantly greater numbers of viable C. immitis during the first week of infection (Fig. 2) , it appears unlikely that the defect in NK cell function is responsible. The parallel studies with nude mice, which are known to have increased NK cell activity in the spleen (22, 23) , revealed that the athymic animals also harbored a greater spleen burden than did their euthymic counterparts. Thus, we do not feel that NK cells play a major role in innate resistance to C. immitis.
During the early phases of infection, nude mice were able to restrict the proliferation of C. immitis in the lungs as well as did their littermates (Fig. 1) , and it is attractive to attribute these results to the occurrence of more highly activated macrophages in the nude mice (10, 30, 32, 33) . However, our other results appear to be in opposition to this hypothesis. First, nude mice were no better able to restrict extrapulmonary dissemination than were their littermates (Table 2) . Second, beige mice, whose major resistance defect is the deficit of normally functional PMNs, harbored greater lung burdens of C. immitis than did the functionally normal bgl+ mice during the same early time period (Fig. 2) . (21) and the functional ability of these cells to complete the oxidative mechanisms of killing (7, 8) are responsible. In addition, nude mice, which possess normally functioning PMNs, were able to restrict the early proliferation of C. immitis as well as did their euthymic counterparts. Thus, it is apparent that the early PMN response is functional without interaction with T-cells.
The histological picture we observed in nude and NLM mice clearly demonstrates the duality of resultant inflammatory responses to C. immitis infections (16, 17) , and confirms the requisite role of T-lymphocytes in host resistance (2, 3, 5) . The 
